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The order parameters and percentage of crystalline phase (β -sheets) in silk determined by different methods strongly varies 1 . To quantify and visualise the order of molecular alignment inside a T-cross-section of silk and to compare with another synchrotron FT-IR absorbance measurement 1 , the second order momentum P 2 (θ ) was calculated (Eqn. 2) for the orientation angle θ ( Fig. 4) :
By using two IR absorptions at perpendicular and parallel polarisations in respect to the selected orientation (along silk fiber), the second order parameter P 2 can be written as follows:
where n is the direction of selected axis and θ is the angle of the transition dipole moment ( Fig. 1 ). Incident light polarization direction of A 1 is parallel while A 2 is perpendicular to X 1 axis. Estimation of the polymer chain second order momentum P 2 is carried out considering three angles between the measured transition dipole moment, θ , the chain axis, α m , and mutual orientation between polarisation and chain, ϕ, depicted in Fig. 1 . The following relations applies 2, 3 :
Explicitly,
Orientation of the transition dipole in respect to a selected orientation n X 1 ; X 1 Y 1 Z 1 coordinate system. The orientation of a polymeric chain is given by direction x 1 in the coordinate system x 1 y 1 z 1 where α m defines orientation of the dipole. The angle ϕ defines tilt between the two coordinate systems. where
is the ratio of the absorbances.
Here, we first estimate the second order parameter P 2 of the measured transition dipole moment which can be directly compared 4 with the value reported in the polarized Raman scattering 5 :
The strong orientation of C-N, C=O, and N-H present in β -sheets can now be clearly revealed by the direct measurement and polarization analysis from the volumes with cross-sections smaller or comparable with the wavelength; this was not accessible earlier 1 . The second order parameter, P 2 (θ ) is plotted in Fig. 2 for the two different transition dipole moments showing a prevalent molecular ordering in the fiber. The molecular alignment in (a) is mainly perpendicular to the horizontal direction, hence, the value of P 2 (θ ) < 0 is negative while P 2 (θ ) > 0 (b) for the transition dipole moment aligned mainly perpendicularly. The epoxy region surrounding the fiber shows order parameter P 2 (θ ) = 0 as expected for the random molecular alignment.
For the further evaluation of the second order momentum P 2 of the chain axis (Fig. 1) , the value of α m is required. If α m of the Amide A and Amide I is assumed 90 • , then, α m of the Amide II can be calculated (Eqn. 6) as 27.6 • according to the previous simulation 6 . The P 2 (ϕ) can be also regarded as an in-plane distribution. Figure 4 is the spatial distribution of absorbance calculated for the Amide A, Amide I and Amide II by Eqns. 1-2 with estimation of P 2 (θ ) and P 2 (ϕ) summarized in Table 1 . The strongest alignment was observed for the C=O bonds which are participating in the hydrogen bonded β -sheets -NH· · ·O=Cwith P 2 (θ ) = −0.29 ± 0.026 (uncertainty has been evaluated from three neighboring pixels along the fiber). This is comparable with P 2 (θ ) = −0.36 obtained in Raman scattering from silk fibers 5 ; scattering and diffraction anisotropy of the fiber has an affect onto measurements while flat samples of the T cross sections were measured in our study. Microtome slices might introduce an orientation artefact on the surfaces, however, this is expected to be of a secondary importance. 
